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CAMERA CONTROL AZIMUTH DESCRIPTION OF SCENE THE VIKING MISSION VIKING LANDER MOSAICS lv::ttrlonailn C‘\i:}:zill lll‘ZVIsngarcpm;g'eEteerspefi’tol:: ogii?res iif
East of the lander, the martian scene displays, Two Viking spacecraft, each consisting of an or- The Viking Lander cameras acquired many high-resolution Y . Y ¢ _proj - ) J ] Space,
o o o ° ° ° . o . oo 2 through the perspective point in the camera lens, to an image
350.5° 5° 30.5° 60.5° 90.5° 120.5° 150.5° 180.5° 210.5 240.5 270.5 300.5 330.5 350.5 conspicuous drifts of fine-grained material (line biter and lander, were launched from Kennedy pictures of the Chryse Planitia and Utopia Planitia landing lane in the camera ? &
: T I I ki ’ 200, sample 580). The drifts are 10 to 20 m from Space Center on August 20 and September 9, sites. Each picture is the product of computer processing on pTh try of t-l lander pict . fisted Boe sl
I ECTOR.3 | SEGTOR 4 ah | 2 252.8° the lander. Some of their wind-sculptured surfaces 1975. The Viking 1 spacecraft arrived at Mars on Earth of digital-image data transmitted from Mars as a result : igfe"{“e 1y E 16 anb etrhp;c L:ires 18 Cog‘]‘: 1dca P:th ya ‘lt
'5%“‘ | |3 i expose internal layering (line 300, sample 1000), June 19, 1976, and was placed in a highly elliptic of “camera events” carried out by one of the lander camera mﬁf@&eﬁmo ﬂ?% %ﬁymu
g 1 - +——11anaa 1y which suggest cyclic deposition. The fine-grained orbit around the planet at a periapsis altitude of systems. Further computer processing of data from a sel- to ble orizon, on %uncorrec € _pf{C ures fe hOl’lZ'OI] Ie-
L | —‘g I 11A1158 \ 2 material also blankets much of the area between nearly 1500 km. The orbiter cameras were used in ected number of these events yielded a total of 10 mosaics. Seml Chidl SINEC ‘FUTV‘;‘- .om;')uter reﬁt.l llcatlo_n of t ]eplCthsS
} i ! J 3 the rocks that litter the surface, and is banked conjunction with other instrumental methods to Two pairs of mosaics from Lander 1 data (one mosaic from results in a straight horizon along which vertical angles 03}111 e
i:// = 1141586/ F11A157 a1 up behind many of them to form ‘“‘wind tails” find a suitable landing site for the lander. After each camera) consisted of one pair made from data taken in measured with respect to the local gravity vector, and sl
s i 118hes [ (line 460, sample 340). about 30 days in orbit, the lander was separated the morning (0700-0800 hours) and one pair made with data zontal angles can be measured from martian north. These
E /‘\l \ = Th ky rim of Crater C. about 150 m in diam- from the orbiter, and on July 20, 1976, Viking acquired in midafternoon (1400-1530 hours). Similarly, angles are not related in any simple way to the;’aumuth and
g T i = " ,% Y € i efrocl yt::énhoorizl:n 4t ;}?e sight. 5ot 80 Lander 1 touched down on the surface of Mars at three pairs of mosaics for the Lander 2 site consisted of one clevation angles given in “camera coordinates” for the un-
& 1 [ Fon2 P el i 1 ok, TR B inkl lat 22.483° N.* and long 47.968° W. (Morris pair between 0700 and 0800 hours, one pair at noon, and rectified pictures. N
- F11B2258 [~ L from the lander. The rounded crest of a wrinkle i : There are other geometric distortions due to the camera:
y 1 11A048-| idee known as “white mesa” is also prominent on and Jones, 1980) on the west edge of a large basin one pair between 1700 and 1800 hours. ! - ) ! )
0 &1 --11A078 : :hebh 111;) ' (line 100, sample 1000) gbout 19 b called Chryse Planitia. It landed in a stable posi- Procedures used for processing the Viking Lander camera optic path dlst(?rtlon that affects a light ray gfter it passes
- — Sl S|115226 - o from (t)rr‘e (l)ander ’ P ’ tion at a 3° tilt downward in the direction 284.9° data were described by Levinthal and others, (1977). The in- ‘t‘he camera windows; and camera-system distortions, or
e d Yo ) ) clockwise from north. dividual camera events used in each mosaic are identified in bolt-down™ errors, that are caused by the way the cameras
i | > Footpad 2 of the lander is buried about 16 cm in The side of the lander on which the two cameras the outline of the accompanying camera view. Detailed des- are mounted on the lander. The geometric transformation
- "i””" -——t 11 UZ{{ i the dusty material of a drift. Its outline is visible are mounted faces southeast. When the cameras criptions and reproductions of these camera events were given used ":] crez_mng the mOS&lCi took mto” account the optic
T ) = at the lower left (line 1300, sample 750). The sur- are pointed in a direction normal to the front of by Tucker (1978). Copies of the Viking Lander pictures can path distortion but not the “bolt-down™ errors. However,
' face sargpler dUgba trenchﬂ(line 3100,fsamplelr l_lOt?) the lander, the viewing direction is 141.6° clock- be obtained from the National Space Science Data Center, ?(l)(::tgic:r}::l @%’;T:’;;glnﬁ’e;:’; "fl ?:Z:;‘Clll]thcaaﬂgiz :S equal tl? the
in the drift to obtain soil samples for analysis by wise from north along the horizon. The first pic- Goddard Space Flight Center, Greenbelt, MD., 20771. : r fo h camera to an accuracy
OUTLINE OF CAMERA 1 VIEW SHOWING CAMERA EVENTS USED IN MOSAIC instruments on board the lande'r. As the SLl.rfa.CC ture from the surface of Mars, of an area near the The Lander camera system (Huck and others, 1975a) has of leS,S’ than 1 plXel-. The scale a.Zlmth angles from Mars
e sampler instrument retracted with a sample in its lander’s footpad 3, was taken immediately after selectable focus settings for a depth of field from 1.2 m to north™ has been adjusted to take into account this correc-
o 2L 9 L1 scoop, some of the material spilled on the surface landing by camera 2. During the ensuing 43 days, infinity in the high-resolution (0.04° instantaneous field of tion. ) .
171.6 B =t of the drift and formed a track of little pits (line the cameras responded to all commands and view) mode. The survey (low-resolution) mode has an in- The r§51dual azimuth angle errors are less than 1 plxel along
° g 3 I 18% | 1050, sample 1200). Other pits and tracks formed successfully carried out their assigned mission. On stantaneous field of view of 0.12°; this mode was used in the the horizon and l?ecomv; larger with steeper elevation angles
e S SIS e P )« ;v by the impact of particles blown off the surface by September 2, the activities of Lander 1 were re- mosaics only where no high-resolution data were acquired. and large lander tilts. For the worst case, Landeg 2, camera
CAMERA CONTROL AZIMUTH Ll | o g AT the rocket engines during landing can be seen at duced to accommodate the planned receipt of data Each complete mosaic extends 342.5° in azimuth, from 1, this error is a maximum of 5.7 « 1 pixels at -60° clevation.
\, 95A=Ca(f‘e'a. elevation 3'1,9'e-\ N \NOMINAL LANDER GEOMETRY, the bottom r.ight of the scene (line 1340, sample from Viking Lander 2. approximately 5° above the horizon to 60° below. A com- The somevyhat sml_xsoldal aznmuth—.dependent residual eleva-
o 180.5° 210.5° 240.5° 270.5° 300.5° o s 90.4° 1880). Jarring of the surface when the lander On September 3, 1976, Viking Lander 2 success- plete mosaic incorporates approximately 15 million picture tion error is a maximum of 3 + 1 pixels for Lander 2, camera
350.5%.5° o 60.5° 3 120.5° et ‘ : 3905 _aso.g touched down formed cracks in several drifts fully landed on Utopia Planitia of Mars (47.966° elements (pixels). In order to manage the processing of such 1, and approximately 1 pixel for the other cameras.
40° — %0e ' VERTICAL VIEchl_—IdO_W.ING VIK”}JIG LAZ.DEtR 1 ORIENTATION (line 1420, sample 1700). N., 225.736° W.), more than 6500 km northeast large data bases, each mosaic was compiled from four indivi- REFERENCES
cecraft coordinates : . . )
) I rid is in spa Some of the rocks littering the surface appear to of Lander 1 (Mayo and others, 1977; Dav.les and dual azimuthal sectors. Davies, M. E., Katayama, F. Y., and Roth, J. A.. 1978
30 AZIMUTH ANGLES FROM MARS NORTH be fine grained (line 630, sample 1465). However, others, 1978). Lander 2 faces approximately Most of the data used in the mosaics were selected from the Conitrol net of Mars: February 1978 Rand Cor R2309.
, [ w ]% § most are coarse grained (line 700, sample 2050), north and tilts 8.2° downward in the direction of primary mission. In some cases, extended-mission data were NASA. 91 p ‘ ¥ : P
l I i 9 T20° 150° 180° and may contain coarse crystals or, like many lunar 277.4 _clockwise from north.  The viewing direc- included where primary-mission coverage was absent or where Huck, F. 0., McCall, H. F., Patterson, W. R., and Taylor,
2307 2708 e P TIY BT BT I T I Y B L rocks, they may be brecciated. Many rocks have tion of its cameras when pointed in a direction the surface was obscured by the sampler arm. Further selec- G. R., 19754, The Viking Mass: Lander oimera: Space
T T = w1 I ] ] pits and holes that may be vesicles, indicating a n(_)rmal to the front of the lan}ier is 29.0° clock- tion was made on the basis of optimum focus. Scierice InSthunients. v. 1 16, 2 189-241
z o : E = y loatiic 6iis; wise from north along the horizon. The cameras The image data were photometrically corrected (Huck and oo e T e e B S )
5 0 volcanic origin. e 5 ) - 6 Huck, I'. O., Burcher, E. E., Taylor, E. J., and Wall, S. D.,
= { = ) ’ o ) on Viking Lander 2 operated successfully for 61 others, 1975b; Patterson and others, 1977; Wolfe and others, 1975b.  Radiometric Pl ¢ the Vikine M
% 2y B Parts of the lander that are visible in the mosaic days until the primary mission of both landers 1977) for differences caused by variations in exposure and x Sacion perronmance of the Viking Mars
. : Lander cameras: U.S. National Aeronautics and S
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COMPLETE MOSAIC, MORNING SCENE, CAMERA 1
(Corrected for tilt)

VIKING LANDER 1 RECTIFIED PHOTOMOSAIC

tubular structure that crosses the center of the
scene is the meteorology boom and its hinge (line
800, sample 700). A metal brush for cleaning the
magnets on the surface sampler instrument is on
the end of a short boom (line 1220, sample 1600).

MORNING SCENE - CAMERA 1 - SECTOR 3

1982

martian surface were processed from Viking
Lander 1 data and 582 pictures from Viking
Lander 2 data. The extended mission of Viking
began December 15, after solar conjunction, and
ended in June 1978. During this period, an addi-
tional 1636 pictures were obtained from Lander 1
data and 1311 pictures from Lander 2 data. A
_comprehensive description of the Viking primary
mission and the results of eight scientific experi-
ments on board the landers were published in the
Journal of Geophysical Research (v. 82, no. 28,
Sept. 30, 1977; see References).

*Latitudes are areographic (see de Vaucouleurs and
others, 1973).

metric camera errors (Patterson and others, 1977; Wolfe,
1979). The corrected pix€ls composing a sector were then
combined by the computer into a single image, and an
optimum contrast correction was applied.

The mosaics are composites of the best pixels of all the
Lander pictures used for each sector. In the computer mo-
saicking process, the image data derived from the camera
events for each sector were assigned priorities on the basis
of quality or detail. These data were examined by the com-
puter in sequence according to the priorities, and the best
pixels of each data set were used for the mosaic.

The computer formatting of the Viking Lander mosaics was
done at the Image Processing Laboratories of the Jet Propul-
sion Laboratory of the California Institute of Technology,
Pasadena, Calif., under the general supervision of Elliott C.
Levinthal of the Department of Genetics, Stanford Univer-
sity, who represented the Viking Lander Imaging Team. A
detailed description of the multiple steps involved in the con-
struction of the Viking Lander mosaics and an acknowledg-
ment of the many people who assisted in the project were
given by Levinthal (1980).

GEOMETRY OF THE MOSAICS

The cameras on the Viking Lander acquire data by sampl-
ing in equal increments of elevation and azimuth angle. In
the accompanying mosaic, 8 mm subtends a 1° horizontal or
vertical angle, regardless of the place of measurement within
the panorama. If the martian surface were flat, one pixel
(0.04° on the surface would be 1 mm wide at -60° camera
elevation and 2 m wide at the horizon 3 km away. Character-
istically for this type of imaging system, most straight lines
in the scene appear curved in the reconstruction. This re-
presentation of the picture data differs from that of a con-
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